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Indian Standard 

SPECIFICATION FOR DISAPPEARING 
FILAMENT TYPE, OPTICAL PYROMETER 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 10 August 1983, after the draft finalized by the Industrial Process 
Measurement and Control Sectional Committee, ETDC 67 had been approv- 
ed by the Electro technical Division Council. 

0.2 This standard covers the principles and application of portable dis- 
appearing filament type optical pyrometers. The instrument is adequate for 
plant instrumentation and also for scientific and technological use in many 
other fields. 

0.3 The attempt has been made to give all the reasons for the various con- 
clusions reached but not to lay down a rigid specification. Its object is to 
provide a broad indication of requirements so that full scope may be given 
to originality of design within limits of standards. 

0.4 In the preparation of this standard, assistance has been derived from 
the following : 

BS 1041 (Part 5) 1972 Code for temperature measurement: Part 5 
Radiation Pyrometers. British Standards Institution. 

BS 2082 : 1954 Code for disappearing filament, optical pyrometers. 
British Standards Institution. 

IEC Pub 181-1964 Index of electrical measuring apparatus used in 
connection with ionising radiation. International Electrotechnical 
Commission. 

0.5 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expressing 
the result of test, shall be rounded off in accordance with IS : 2-1960*. The 
number of significant places retained in the rounded off value should be the 
same as that of the specified value in this standard. 



1. SCOPE 

1.1 This standard specifies the requirements of the optical pyrometers of 
disappearing filament type. 



*RuIes for rounding off numerical values ( revised ). 
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2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions in addition 
to those given in IS : 1885 ( Part 49 )-1978* shall apply. 

2.1 Pyrometer — An instrument for assuring temperature usually by elec- 
trical means. 

2.2 Comparison Pyrometer — Pyrometer establishing the relative quality of 
the radiation from the source whose temperature is to be measured with 
that of a comparison source. 

2.3 Visual Pyrometer — Comparison pyrometer in which human eye is 
employed as the detector. Optical pyrometer with disappearing filament 
comes under this category. 

2.4 Total Radiation Pyrometer — Pyrometer which measures the total 
radiation temperature. 

2.5 Optical Pyrometer — A pyrometer in which the indications of tempera- 
ture are dependent on luminosity of the source at a particular wave length. 

2.6 Absorbing Power — The ratio of the rate of absorption of radiation 
energy to the corresponding rate of incidence of radiation energy. 

2.7 Full Radiator ( or Total Radiator or Black Body or Planckian Radiator ) — 

A light source emitting radiation, the spectral distribution of which is depen- 
dent only on temperature and not on the material or nature of the source. 
Alternately, thermal radiator which absorbs all incident radiation indepen- 
dent of the wave length, direction of incidence or the polarization. 

2.8 Partial Radiator — A source which radiates only a fraction of the energy 
radiated by a full radiator at the same temperature. 

2.9 Radiating Power — The ratio of the rate of emission of radiant energy 
per unit area of a source to the rate of emission of radiant energy per unit 
area of a full radiator at the same temperature. 

2.10 Reflection Factor ( Reflectance ) — The ratio of reflected luminous flux 
to incident luminous flux. 

2.11 Colour Temperature of a Light Source — The temperature of a full 
radiator which would emit radiation of substantially the same spectral dis- 
tribution in the visible region as the radiation from the light source and 
which would have the same colour. 

2.12 Filter — Device which is used to modify by transmission of the 
radiation or luminous flux, the spectral distribution, or both, of the radiation 
passing through it. 



♦Electrotechnical vocabulary : Part 49 Industrial process measurement and control. 
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2.13 Colour Filter ( Monochromatic Screen ) — A glass disc placed in the 
eye piece and usually transmitting only the red light. 

2.14 Neutral Filter ( Absorption Glass or Screen ) — A glass disc placed 
between the source and the lamp having a spectral transmission which is the 
same over the wavelength range of the pyrometer. 

2.15 Luminance Temperature ( Black Body or Brightness Temperature ) — It 

is the temperature of a full radiator ( at a given wave length ) which has the 
same luminance as the radiator concerned at a given wave length. 

2.16 Luminosity ( Apparent Brightness ) — The attribute of visual percep- 
tion in accordance with which an area appears to emit more or less light. 

2.17 Luminance ( At a Point of a Surface and in a given Direction ) — The 

quotient of luminous intensity in the given direction of an infinitesimal ele- 
ment of the surface containing the point under consideration, by the ortho- 
gonally projected area of the element on a plane perpendicular to the given 
direction. 

2.18 Source — A body or object emitting light by virtue of a transforma- 
tion of energy into radiant energy within itself or transmitting or reflecting 
light falling on it from any other source whether primary or secondary. 

2.19 Spectral Emissivity — The ratio of the energy radiated over an infini- 
tesimally small wave length range, at a certain wave length in a specified 
direction, by unit area of a surface to the energy radiated by unit area of a 
full radiator at the same temperature. 

2.20 Transmission Factor ( Transmittance ) — The ratio of the transmitted 
luminous flux to the incident luminous flux. 

2.21 Spectral Transmission Factor — The transmission factor for a specified 
wave length. 

2.22 Luminous Efficiency — The quotient of luminous flux by the corres- 
ponding radiant flux. 

2.23 Relative Luminous Efficiency — Ratio of the luminous efficiency of the 
radiation to the maximum luminous efficiency. 

2.24 Radiant Flux — Power emitted, transferred or received in the form of 
radiation. 

2.25 Absorption or Absorption Factor — The ratio of the absorbed radiant 
or luminous flux to the incident flux. 

3. OPTICAL SYSTEM 

3.1 The essential features incorporated in the optical system of dis- 
appearing filament type optical pyrometer are according to either Fig. 1 or 
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Fig. 2. In both the figures, the source of radiation is on left and the observer 
is on right. 



D2 03 




ETJ> 



Fig. 1 Optical System of Disappearing Filament Optical Pyrometer 
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Fig. 2 Optical System of Disappearing Filament Optical 
Pyrometer, Alternate Method 

The objective lens O forms an image of the source in the plane of F, the 
filament of a small lamp. The field, consisting of the filament F superimpos- 
ed on the image of the source shall be viewed through an eye piece E. An 
erecting lens G is also used to converge the image ( see Fig. 1 ). A diaph- 
ragm Di is placed between the objective lens and the filament to define the 
entrance cone of radiation. The angle subtended by diaphragm at the fila- 
ment is known as the entrance angle of the pyrometer. In Fig. 1, as second 
diaphragm Di is placed between G and the eye piece at a distance from G 
equal to its focal length. The angle B subtended by the effective diameter of 
the lens G at F is the exit angle. This diaphragm shall be placed at any other 
convenient position on either side of the lens G to give the required angle. 

In Fig. 2, the use of erecting lens and diaphragm Di is avoided and dia- 
phragm Di is used which acts as field stop and decides the exit angle also. 
Z>3 is placed at the focal point of the eye piece. Diaphragm Da, is just before 
the operator's eye to limit the radiation. 

The absorption screen N, which reduces the luminance of the image of the 
source, permits the calibration of the instrument for higher temperature 
ranges. It shall be placed at any convenient place between the objective lens 
and the filament. 

M is the monochromatic screen, usually a red glass. This shall be kept 
at any convenient place between the filament and the observer's eye. 
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4. OPERATION OF THE PYROMETER 

4.1 The pyrometer is operated by adjusting the current passing through the 
lamp filament, till the luminosity of the hottest part of the filament is 
matched with the brightness of the image of the source which is forming 
filaments background. When the hottest part of the filament becomes 
indistinguishable from the background, the required match is reached and 
filament is said to be a disappeared. The instrument shall be provided with a 
scale calibrated to show the luminance temperature corresponding to the 
strength of current which produces the brightness match ( see Fig. 3 ). 

6 o © 

TOO DARK CORRECT TOO BRIGHT 

Fig. 3 Brightness Match 

4.2 The other method for brightness comparison is to vary the observed 
brightness of the image optically by the use of optical wedge until it matches 
that of the standard lamp filament while maintaining a constant current 
through the lamp. An outstanding advantage of the optical pyrometer results 
from the high ratio of change in the brightness of the source being 
measured, as seen through the filter, to the corresponding change in source 
temperature. 

5. BASIC PRINCIPLES OF OPTICAL PYROMETER 

5.1 Luminance/Temperature Relation — The measurement of the thermal 
radiation from a body is a convenient means of determining the temperature 
particularly in industrial processes. Since the optical pyrometer measures 
temperature in terms of luminance, it is necessary to find the relation 
between temperature and luminance of a body. Different materials, when 
heated to incandescence have different luminosities at the same temperature. 
The relation may be reduced from a consideration or a theoretical radiating 
body known as a full radiator. 

5.2 Emissivity and Practical Approximation to a Full Radiator — Kirchhoff's 
law states that the ratio of the radiating power ( E ) to the absorbing power 
( A ) is the same for all bodies at a given temperature and at a particular 
wave length. The radiating power ( E ) will have its maximum value when 
a body which absorbs all radiation falling on it ( A = 1 ) exists. Hence the 
greatest theoretical radiating power of any body is the radiating power of 
a total absorber. No material is known which absorbs all incident radiation. 
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For practical purposes Lummer and Pringsheim devised a close approxima- 
tion to full radiator. They showed that if a hollow enclosure of any material 
is brought to a uniform temperature, the radiation escaping from the 
enclosure through an aperture in the enclosing wall approximates to that 
from a full radiator, provided the area of the aperature is very small in 
comparison with the total surface area of the enclosure. When an optical 
pyrometer is calibrated by sighting it on the aperture of such an enclosure, 
the calibrating is said to be in terms of full radiator temperature. 

To ensure that the luminosities of the source and filament of the pyro- 
meter lamp are compared within a limited wave band, the pyrometer shall 
be calibrated with the 'monochromatic' screen in position. If a pyrometer, 
so calibrated, is directed at any other incandescent body which is a full ra- 
diator, the temperature indicated will be the true temperature of the body. 
But because in practice the source is seldom a full radiator, the tempera- 
ture indicated by the pyrometer will be the luminance temperature and not 
the true temperature of the source. The spectral emissivity eX of the incandes- 
cent substance should be known in order to calculate the true temperature 
of the source from the luminance temperature indicated by the instrument. 
Spectral emissivity eA is the ratio of the energy radiated by the source to 
the energy radiated by a full radiator of the same temperature both being 
measured within the given wave band. Emissivity tables and corrections are 
given in Tables 1 and 2 respectively. Emissivity corrections are graphically 
shown in Fig. 4. 

5.3 Calculation of True Temperature — Planck's law of radiation can be 
used to derive the true temperature of a body from the luminance tempera- 
ture. Planck showed that the radiation emitted per unit solid angle from 
unit area of a small aperture in a uniform temperature enclosure in a 
direction normal to that area, in the range of wave length between A and 
A + *ft is J\ ck 

C\ 



/x = 



A' [ exp (C 2 / A T ) - 1 ] 



where 



J-,. = energy radiated by a full radiator at wavelength A, 

T = absolute temperature of the body in Kelvin degrees ( OK ), 

Ct, Ci = radiation constants, ( C\ = 3'740x 10~ s ergs cm 2 /sec ) 
( C-2 = 1 '438 cm degrees ), and 

A = wavelength of radiation in centimetres. 

The Wien formula in which - 1 in brackets is omitted is mathematically 
more convenient to use and sufficiently accurate for most of the purposes : 

8 
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A5[exp(C 2 /Ar)] 

If the product AT" is less than 2300 p degrees, only negligible corrections 
need be applied to temperatures, derived from the Wien equation to give those 
resulting from the Planck equation. The total radiation of all wave lengths 



TABLE 1 SPECTRAL EMISSIVITY AT A = 065(i 




( Clause 5.2 ) 




Sl Material 


Temperature 


«A 


No. 


°C 




(1) (2) 


(3) 


(4) 


i) Carbon 


— 


085-095 


ii) Chromium oxide Cr 2 3 


900 


0-81 


iii) Ceramic plate grain size 4-20ji 


1 300 




iv) Aluminium oxide A1 2 3 


900 


0-18 


v) Ceramic plates 


1200 


0-25 




1500 


032 




1 800 


038 


vi) Iron 






Average value for molten iron 


1 100-1 900 


4 


Average value for molten slag 


1 400-1 830 


0-65 


Solid iron, oxidized 


800 


0-98 




1200 


0-92 


vii) Iron 






Unoxidized 


1200 


0-37 


viii) Steel molten 






Clean metal 


— 


0-35 


Oxide film 


— 


0-5-0 8 


ix) Nickel oxide 


800 


0-96 




1 300 


0'85 


x) Nickel unoxidized solid and liquid 




0-37 


xi) Copper 






Molten 




0-15 


Unoxidized, liquid 


. — 


015 


Solid 




011 


Oxide 


— 


0.6-0-8 


xii) Tungsten 






Unoxidized 


700 


0-46 




2 000 


043 




3 000 


0-41 


xiii) Platinum 


1000 


0-29 




1 300 


030 




1 700 


0-32 


xiv) Silver solid 


— 


007 


xv) Gold solid 


— 


0-13 


xvi) Graphite pulvarized 


— 


0-85 


xvii) Salt baths 


— 


0-8 


xviii) Molten lead 


— 


1 



10 
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TABLE 2 EMISSIVITY CORRECTION TO BE ADDED TO 










PYROMETER READING 
















( Clause 5.2 ) 










Correction 






Pyrometer Reading at 










500 


750 


1000 


1 500 


2 000 


2 500 


3 000 


3 500 


4000 




C 


°C 


c 


°C 


°C 


°C 


°C 


°C 


°c 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


095 


1-4 


2-4 


3-8 


7-4 


12-0 


180 


251 


331 


43 3 


092 


2-3 


40 


6'2 


12-0 


197 


294 


41-2 


54-8 


70-3 


0-90 


29 


51 


79 


151 


25-1 


37-4 


52-3 


696 


890 


085 


4-4 


78 


12-0 


23-5 


38-7 


58-0 


809 


108 


139 


080 


6-1 


107 


165 


32-4 


53-5 


802 


112 


150 


194 


075 


7-9 


13-8 


218 


42-1 


69 4 


105 


146 


196 


253 


070 


98 


17-3 


26-8 


52-4 


87-0 


130 


183 


245 


317 


0-65 


119 


20-8 


32-5 


636 


106 


159 


224 


300 


389 


060 


14-1 


24 9 


387 


761 


127 


190 


269 


362 


471 


055 


166 


29-2 


45-6 


89-4 


150 


226 


319 


431 


560 


050 


19-3 


34-0 


531 


105 


175 


265 


376 


508 


674 


0-45 


22-3 


39-2 


616 


122 


204 


310 


440 


597 


784 


040 


25-7 


45-5 


71-2 


141 


237 


362 


516 


703 


917 


035 


29-6 


52-4 


82-2 


164 


276 


422 


604 


827 


— 


030 


34'1 


60-6 


95-2 


190 


322 


495 


713 


980 


— 


0-25 


39-5 


70-4 


111 


223 


379 


586 


849 


— 


— 


0-20 


46-3 


82-6 


131 


264 


452 


704 


1029 


— 


— 


015 


55-2 


98-8 


157 


319 


553 


870 


— 


— . 


„ 


010 


67-9 


122 


195 


403 


708 


— 


— 


— 


— 


005 


90-8 


165 


266 


563 


1017 


— 


— ■ 


— 


— 



is obtained by integrating ./A rfA over all wave length, which leads to Stefan's 
law. J= oT*, a is Stefan's constant. To calculate, the true temperature of 
a source from S, the luminance temperatures, eA spectral emissivity of the 
source should be used. Value of the energy radiated by the source, given by 
the Wien equation is : 

n eACi Ci 

A' [ exp ( C 2 /A T) ] ~ A* [ exp ( C 2 /A 5 ) J 
hence eA = exp [ C 2 /A T- CtyAS ] 

*j££±Li/r-i/s' 

C 2 

5.4 Reduction of Luminosity — An absorbing medium of known transmission 
placed between the pyrometer lamp and source of radiation reduces the lumi- 
nosity of the field by a known constant proportion. This medium is used to 
extend the scale because otherwise the upper limit of the optical pyrometer 
scale is established by direct matching of the lamp filament against the source 
and hence the limit is defined by the maximum safe operating temperature 
of the filament. 

11 
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The luminance temperature can be calculated from the reduced luminance 
observed and measured through an absorbing medium of known transmis- 
sion. The absorbing medium is usually a piece of glass and which is appro- 
ximately non-selective in its absorption over the wave band of the pyrometer. 
If /A is the transmitted fraction of energy in the given wave band, S is the 
temperature measured with the absorbing medium and S l is the temperature 
without the absorbing medium. Then from Wien's equation 

JA = tXCi 



As [ eX p (C2/AS 1 )] 

Cx 

\* [exp (C2/AS)] 

A log t A 



and, therefore, „ 

= _1__L 
S l S 

This equation shows that if the temperature of a source is known 
(calibrated source such as tungsten strip lamp ) with a pyrometer using an 
absorbing medium and without an absorbing medium, then the transmission 
factor of the medium can be evaluated, because 

log<A = -^-[l/S 1 -lS , J 

This theory applies to any other absorbing object, which may be interposed 
for some other purpose, between the filament and source such as a piece of 
a window glass, a totally reflecting glass prism or a supplementary lens. 

5.5 Effective Wavelength — It is necessary to know the wavelength of ihe 
measured radiation from the source to obtain the accurate results. Usually 
the selected wave band is limited to red end of the spectrum and a sufficiently 
wide band is to be employed if enough light is to reach the eye to enable 
the filament to be matched against the background with precision. So it 
becomes necessary to determine the 'effective wave length', such that the 
calibration of the pyrometer over a certain range of temperature is the 
same as that of a monochromatic pyrometer responding to radiation of 
that wave length. 

It is required to find effective wave length ( Ae ) to be used in calculating 
a temperature T 1 from observation of a source through a non-selective ab- 
sorbing medium which causes the value of the temperature to be recorded 
as T. This test may be called an observation of luminous flux (£) since the 
measurement is established by estimation of luminosity. The quantity of 
light affecting the eye ( luminous flux ) is governed by the following: 

12 
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a ) Energy radiated by the source ( /AT ), 
b ) Transmission of the red glass ( fA ), and 
c ) Sensitivity of the eye ( KA ) 

The equation Lt = I J\T VxtdX • ■ • 1 

gives the values of directly observed luminous flux and equation 

Lt= At, Vw,dx ••• 2 

Jo 

gives the values of luminous flux when the non-selective medium is inter- 
posed. 

Hence LtjLt, = t since the basis of the calculation of T' from the observa- 
tion T is 

At _ 

'ft 



l\T 



It is necessary to choose a value of A namely Ae, the effective wave length 
such that 

AeTjJxT'^LTlLT 

Ci 

Jn previous section it has been shown that log t = -z — [1/7" - 1/T] 

tu f : > ciiijT-ifr] 

Therefore, Ae= — j—rr^" 

log Lt/Lt 

Integrals ( 1 ) and ( 2 ) should be evaluated to arrive at the effective wave 
length and, therefore, the knowledge of following is necessary : 

a ) Relative energy distribution curve of a full radiator at the temperature 

concerned, 
b ) Spectral transmission curve of the red glass, and 
c ) Relative luminosity for the mean eye. 

Figure 5 shows the variation of relative luminous efficiency V and transmis- 
sion of red glass t\ with wave length A. The relative luminosity curve for the 
mean eye gives the sensitivity of the eye at stated wave lengths relative to its 
maximum sensitivity which is at approximately 0'555m. Transmission/wave 
length characteristics of ideal Absorption Glasses is explained in Appendix A. 

To find the effective wave length applying to a particular temperature ins- 
tead of a temperature interval, it is necessary to use the limiting effective 
wave length. 
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Fig. 5 Relative Luminosity for the Mean Eye (A) and the 
Transmission Curve of a Typical Red Glass (B) 
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The mean of the limiting values at the extreme temperature is the effective 
wave length over a range of temperature. These calculations have been made 
for a full radiator and the system of reduction which is non-selective. The 
effects of departures from these conditions are given in Appendix B. 

For the evaluation of the integrals, the values of /AT, KA, M are read from 
the curves at intervals of0"005 /a and the values are multiplied together. Then 
a graph is drawn between the multiplied value and A and the area under the 
curve is obtained which gives the sum represented by the integral. 

6. DESIGN AND CONSTRUCTIONAL REQUIREMENTS 

6.0 Important components of an optical pyrometer are lamp, red filter, 
absorbing device, optical system and measuring system. Design of each of 
these influence and overall design of a pyrometer. 

6.1 Lamp — The pyrometer lamp has an important influence on the design 
and precision obtainable with a disappearing filament optical pyrometer. The 
dimensions of a lamp set a limit on the dimensions of the parts of meter and 
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the characteristics and constancy of the electrical and radiating properties of 
the filament is essential to precision. In high grade instruments, the use of 
flat ribbon ( width is large compared with thickness ) is preferable to usual 
round tungeston filaments, because of the following advantages: 

a ) Greater uniformity of temperature along with length of the filament 
is achieved resulting in small ambient temperature effects at low lumi- 
nosities. 

b ) Small thermal inertia is obtained, as for a very thin strip, the required 
heating current is small enough to be supplied by dry batteries which 
is clearly an advantage in case of portable instrument. 

c ) Larger limiting angles are permissible in the optical system with a 
consequent gain in field brightness and resolving power. 

The part of the filament at which matching should be effected ( centre ) is 
indicated by a pointer built into the lamp, or by the bend of a hairpin or M 
shaped or inverted V shaped filament. 

The lamp bulb in which the filament is mounted should have flat or nearly 
flat sighting faces of a good quality glass to ensure that undistorted images 
of source and filament are obtained. To avoid the reflection of the filament 
from the faces or windows, the windows should be set appropriately, with 
respect to the optical axis. The bulb should be carefully evacuated. Since the 
permanance of the pyrometer calibration is vitally dependent on the 
constancy of the lamp, it is necessary that all lamps should be thoroughly 
Bged. They should be aged at a luminance temperature of about 1 400°C for 
24 hours before calibration. 

6.2 Optical System — In order to obtain a reproducible pyrometer read- 
ing, it is essential that the brightness of the filament and image of source 
should be independent of the distance of the source from the instrument. 
For this condition, that if the light losses at the lenses are neglected, the 
luminosity of an extended object is the same whether viewed directly or 
through a telescope provided the effective pupil of the eye is the same in each 
case, should be satisfied. To satisfy the above condition, a limiting diaphragm 
shall be placed in the eye piece to fix the exit angle of the instrument and it 
is considered inadvisable to rely on the constancy of the size of the pupil of 
the eye. The entrance angle is made larger than the exit angle so that the 
diaphragm in the eye piece is always filled with light. 

6.2.1 Point of disappearance of the filament should be clearly perceptible 
since this is the criterion of equality of luminosity. To ensure a clearly defin- 
ed disappearance, diffraction fringes should be eliminated which otherwise 
persist at the edges of the filament. Fairchild and Hoover have shown it 
experimentally that if the entrance and exit angles are given certain relative 
values, the fringes no longer are visible. They have also shown that a satis- 
factory brightness-match is more easily obtained with a fiat filament which 
also permits the use of larger aperture for the complete disappearance. 
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6.2.2 Resolving power of the eye piece is increased by the use of large aper- 
tures because this increases the exit angle. The approximate formula for the 
resolving power of a microscope with its objective in air is A/2 sin /8/2, where 
]3 is the acceptance angle of the eye piece system (exit angle of the pyrometer 
as a whole). For small values of j3 ( /J usually is not more than 01 radian ) 
it can be taken as A/0. The minimum magnification needed has been 
calculated for various values of £ and A equal to 0'65 micron and 0'008 cm 
respectively as the resolving power of eye. 

6.2.3 The following recommendations are made regarding the various com- 
ponents of the optical system in order to satisfy the foregoing requirements. 

6.2.3.1 For objective lens hard crown glass shall be employed with mini- 
mum absorption in the red end of the spectrum. A single Piano convex or 
Bi-vex lens used with the convex surface towards the source shall be satis- 
factory unless measurements without a red glass screen or with an excep- 
tionally large aperture, are required. The focal length shall be about 50 mm 
to 150 mm. 

6.2.3.2 The eye piece shall consist of combination of lenses or Ramsdan 
or Hygen's eye piece. Errecting lens may be incorporated of suitable focal 
length to give the required length of eye piece tube. 

Various diaphragms as shown in Fig. 1 and 2 shall be used to give 
particular exit and entrance angles. These angles shall be in accordance with 
the Table 3. 







TABLE 3 ENTRANCE AND EXIT ANGLES 








(Clause 6 2.3.2) 




Type of 


Filament Exit Angle 


Minimum Entrance Minimum Magni- 






( Radian ) 


Angle 
( Radian ) 


fication 


(1) 




(2) 


(3) 


(4) 


Flat 




002 


07 


3 






003 


010 


4 






004 


013 


5 






006 


017 


8 






008 


0-21 


11 






o-io 


0-23 


13 






012 


0-25 


16 


Round Diameter 


001 


0'04 ( and larger ) 


2 


( 004-006 i 


mm ) 


0.02 


006-016 


3 






004 


008-013 


5 



6.3 Filters — In order to see a good disappearance of the filament it is 
necessary to achieve luminance match as well as colour match between the 
filament and background. For a tungsten filament and a full radiator the 
colour match could be made up to a temperature of about 800°C without 
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colour filter but at higher temperatures, a colour screen must be introduced 
to avoid apparent difference of colour. A further restriction of the wave band 
may be necessary when an absorbing glass is used. If absorbing glass is non- 
selective, for example, the luminance temperature of the source is reduced to 
that of the filament but the colour temperature remains unaffected, the use of 
colour filter is necessary and the effective wave length of such a filter can be 
used for purposes of calculation as if the light were monochromatic light of 
this wave length. Usually a red glass filter is used to limit the wave band for 
the following reasons: 

a ) At low temperature the visible radiation is concentrated in the red end 

of the spectrum and hence most light will be available when a red filter 

is used, 
b ) The variation of effective wave length with temperature of the source 

is less for red glass than for blue or green, and 
c ) The eye is generally less sensitive to differences of wavelength in red 

than in other parts of spectrum, if all factors are same. 

Red glasses are available with a steep transmission/wavelength curve and 
the wave band transmitted is limited to a definite band between the out off 
of the eye and the cut off of the glass. The following conditions shall be 
satisfied by a red glass: 

a ) Effective wave length of the pyrometer should lie within certain limits, 

and 
b ) Over the complete range of the instrument, there should be no apparent 

colour difference between the filament and background. 

The main reason for the first condition is that the luminance temperature 
S of a partial radiator is a function of the wave length, A. The relation 
between S and A is given by the equation. 



1 1 


log eX( Aj - A 2 ) 


s 2 ~s 2 ' 

AS 

s 2 z 


C 2 

logeA(^lA) 
C 2 



If A 1 -A 2 =JA=0 - 01 /xandeA = 0"4 

then AS = S 2 - Si = 2°C at 1 600 °C 

At very low temperature ( 650-800°C ) the over-riding consideration of 
obtaining sufficient brightness of field to make possible an accurate reading 
may require the complete removal of the red glass. 

6.3.1 Absorption or Neutral Filter — As mentioned earlier this filter is used 
to extend the range and to limit the temperature of the filament to maximum 
1500°C. The ideal screen for this purpose is one which has a transmission/ 

17 



IS : 10639 - 1983 

wavelength slope such that an energy match at all wavelengths, within the 
relevant wave band, is maintained between the filament and the screened 
source. For such a glass log A is proportional to 7A and the absorption fac- 
tor \jT c \ - \jT c where T c and 7V are colour temperatures of source and fila- 
ment respectively, is a constant with the consequent advantage that the second 
scale of a pyrometer may be derived from the first scale with a knowledge 
of one calibration point on the second scale. It is usually found that this 
condition does not in fact, apply and at least two calibration points on the 
second scale are required to establish the variation of the absorption factor 
with temperature. Calculation for transmission of a selective absorption 
screen is given in Appendix C. 

6.4 Measuring System — If in a pyrometer, the lamp current is varied to 
make the luminance match, the calibration may be made in terms of current, 
voltage or resistance of the lamp. When a long lamp filament is used the 
current temperature calibration is least subject to the effect of end cooling. 
The measuring system shall be in the form of: 

a ) Voltmeter method; 

b ) Bridge type and null, detuction method; and 

c ) Potentiometric method. 

For most of the industrial grade the voltmeter method shall be used. For 
very precise measuring systems, null detection and bridge or potentiometric 
method shall be used. The precise measurement method is more cumbersome 
and the equipment becomes heavy and bulky. 

7. PROCEDURE FOR CALIBRATION 

7.1 Scale Marking — A direct reading temperature scale shall be provided 
sufficiently open to be read up to minimum 5°C in industrial types and mini- 
mum 1°C in high precision types on lower temperature range scale. Other 
markings on scale namely symbols for position, high voltage test etc shall 
be in accordance with IS : 1248-1968*. 

The scale reading on the partial radiation pyrometer gives temperature 
indication for full radiator. For partial radiator correction on readings should 
be applied as mentioned in forthcoming paragraphs. 

7.2 Metrological Characteristics 

7.2.1 Ranges and Accuracy — The normal ranges are 700 to 1 530°C, 1 200 
to 2 000°C, and 1 400 to 3 500°C. By use of special filter the upper ranges can 
be made up to 6 000°C. Normal instruments are devided in two or three 
ranges from 700 to 3 500°C and for special purposes ranges are devided 
from 700 to 6 000°C. 



♦Specification for direct acting electrical indicating instruments (first revision ). 
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Errors in optical pyrometers are of following three types : 

a ) Due to the lamp calibration, 

b ) Due to indicating meter on Null balancing device, and 

c ) Personal error in correct evaluation of colour matching. 

The errors due to ( a ) for normal instruments is ± 0'5 percent of the 
full scale deflection range. The errors due to ( b ) when a meter is used for 
indication is ± 3°C. 

7.3 Calibration Methods — Optical pyrometers are calibrated with respect 
to standard lamps of known current/luminance temperature characteristics. 
Current in the standard lamp shall be measured by potentiometric methods. 
For calibration purposes standard lamp with 1 mm wide tungsten filament 
strips are sufficient. However, for very accurate measurements the strip width 
up to 4 mm shall also be used. The standard lamps should have fairly good 
stability. For short durations ( 5 minutes ) the stability should be better than 
\°C. The basis of calibration of optical pyrometer is explained in Appendix D. 

7.3.1 Following methods shall be used for connections of the lamp and 
meter. 

7.3.1.1 The null method employing a potentiometer is convenient in port- 
able instrument. The circuit in Fig. 6 shall be employed. The rheostat R 
controls the brightness of the lamp and the contact O on the rheostat and 
P on the slide wire S are coupled together mechanically so that P is auto- 
matically placed close to the point at which a balance of the potentiometer 
will be achieved. The calibration is in terms of the balance position in the 
slide wire. 




Fig 6 Circuit Diagram for Null Method of Calibration 

7.3.1.2 A bridge as shown in Fig. 7 may also be used for calibration 
purposes. The operation of the bridge is similar to that of potentiometer 
system. The contact on the slide wire S being coupled together and the final 
bridge balance being achieved by the bodily movement of S. This system 
does not need a standard cell but is dependent on ambient temperature 
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change, and it is necessary to introduce a temperature compensating resis- 
tance R. 




Fig. 7 Circuit Diagram for Bridge Method of Calibration 

7.3.1.3 In a simple of pyrometer with the aid of a slide on a resistance 
wire, the current is adjusted in the lamp filament until its brightness matches 
that of the image of the source. The circuit shall be in Fig. 8. 




Fig. 8 Circuit Diagram for Matching Method 

The current temperature calibration of the lamp will be modified by the 
absorption of the lens and by the fact that it will be necessary to calibrate 
the lamp in association with the particular lens used. Where short focus 
pyrometers are also to be tested, the lamp should be calibrated both with 
and without the lens, provision being made for swinging the lens into posi- 
tions as required. It is important to ensure that the orientation of the lamp 
is the same in calibration and in use. 
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7.4 Procedure for Calibration — The instrument under test shall be mounted 
in such a way that the optical axis of this instrument is at normal to the 
filament of the standard lamp. Calibration shall be started from the lowest 
temperature of that 700° or 800°C and gradually higher ranges shall be 
achieved, in order to avoid the thermal disturbance of the filament of 
standard lamp if the calibration is done from higher to lower temperature. 
Normally a standard lamp may take certain time for stabilization and if 
batteries are used for calibration colour matching should be done one or two 
minutes after setting a temperature range to avoid the battery voltage drops 
and to achieve stabilization. 

8. ROUTINE CHECKS ON PYROMETERS 

8.1 Optical pyrometer subject to works' use are liable to deteriorate in 
accuracy from the following causes : 

a) Change in the luminance/current or luminance/resistance characteri- 
stics of the lamp; 

b) Change in calibration of associated measuring system; and 

c) Change in absorption characteristics of the objective system. This 
includes changes in the absorbing screen, if used, and increased 
absorption by the lenses and bulb due to pitting or the presence of 
dirt. 

Where a check is required to confirm the accuracy of a works' pyrometer 
during a specific test, no adjustment shall be made prior to checking but if 
the instrument is checked to ensure that it is fit for service, then all optical 
parts shall be cleaned, the indicator shall be checked for position errors and 
the zero adjustor set in accordance with the maker's instructions. 

9. APPLICATION OF THE OPTICAL PYROMETER 

9.1 The optical pyrometer is employed in both laboratory and industrial 
operations for measuring temperatures above 700°C. The high order or preci- 
sion and accuracy obtainable by careful operation has caused it to be accept- 
ed as the standard means for determining temperatures on the International 
Temperature. Scale from the gold point upward and permits its use as a 
secondary standard of temperature for laboratory work. It is also used for 
process calibration of other temperature measuring devices such as radiation 
pyrometer and thermocouples in protecting tube. It is portable and skill in 
its operation may easily be acquired by some experience and training. 
This pyrometer is manually operated and thus its measurements cannot be 
continuously recorded or used to control automatically. The precautions 
necessary in the use of optical pyrometer are given in Appendix E. 
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APPENDIX A 

( Clause 5.5 ) 

TRANSMISSION/WAVELENGTH CHARACTERISTICS 
OF THE IDEAL ABSORPTION GLASSES 

A-l. A colour difference in the match is observable when a high transmission 
red glass and/or a comparatively dense absorption glass is employed. It 
becomes necessary to reduce the transmission of the red glass, but the use 
of the same glass at a lower source temperature would mean a considerable 
loss of light. It is necessary to provide two or more glasses of suitable 
characteristics to cover a wide range of temperature. 

A-2. If an absorption glass could be used which would alter the distribution 
of energy of the transmitted light so that its colour matches with filament 
colour, the necessity of a careful selection of red glass can be avoided. Such 
glass would have to increase in transmission as the wave length increases, 
for at the higher temperature the ratio of the energy in the long wave length 
to that in the short is less than that at the lower temperatures. 

A-3. The light transmitted by the absorption glass should match the fila- 
ment both in intensity and spectral energy distribution. Thus for every wave 
length in relevant wave band, the following equation should be satisfied : 

1 M 

[ exp ( Cil^Tc ) ] _ [ exp (C 2 /W c ) ] 

The condition for an energy match at all wave lengths and consequently a 
colour match is that log M should be proportional to 1/A. Under this 
condition for an ideal absorption glass l/T' - l/T c is a constant. 



APPENDIX B 

( Clause 5.5 ) 

CALCULATION OF EFFECTIVE WAVELENGTH OF THE 
PYROMETER IN SOME SPECIAL CASES 

B-l. WHEN THE ABSORPTION GLASS IS NOT SELECTIVE 

B-l.l The equation Lr= I J\T,V\t\d\ is modified by substituting t\ for t 
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where t{ is the transmission of the absorption glass for a particular wave 
length alternatively a constant value of t may be used but this must then be 
the transmission of an equivalent neutral screen. 

B-2. WHEN THE SOURCE IS NOT A FULL RADIATOR 

B-2.1 By definition of the luminance temperatures S\ of a partial radiator 
at a true temperature Tthe relation is J\s-J%t that is 

Radiation from a full Radiation from a partial 

radiator at temperature S ~ radiator at temperature T 

Luminous flux passing through the coloured screen is 

Too |*oo foo 

J o JfstxVvfr = J o JxThVvft = ic\ J* Tc TxVyl\ 

JT 

ic = Colour emissivity = -^— for any value of A 

j t c 

[°° J* s t-KVxd\ 
Therefore, c - J ° JxT 



Poo ~g~ 



In the definition of effective wave length Ac is chosen so that 

JKt= J»s 



Hence, 



Coo 

o Jf s txVxdX Jls 



J* T hVxdX J B 

Ar ' \eT c 



Is the equation defining the effective wave length between S and T c . In other 
words, when the source is not a full radiator, the effective wave length to be 
adopted is that which corresponds to the temperature interval between the 
luminance temperature S and the colour temperature T of the body. 

B-3. WHEN THE SOURCE IS NOT A FULL RADIATOR AND 
AN ABSORPTION DEVICE IS USED 

B-3.1 The effective wave length is again that applying to the interval between 
the luminance temperature and the colour temperature provided the expres- 
sion for luminance flux includes a term for the transmission of the absorp- 
tion screen when this is not neutral. 
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APPENDIX C 

( Clause 6.3. 1 ) 

CALCULATION OF TRANSMISSION OF A SELECTIVE 
ABSORPTION SCREEN 

C-l. For a selective absorbing screen, the transmission factor shall be 
calculated from the spectral transmission curve and that of the red glass. 
The ratio of the luminous flux passing through both the absorption screen 
and the coloured glass to that passing through the coloured glass alone 
gives the value of the factor t 



jXrVXtXdX 
where 






JxrVihthdX 

8 



tx = transmission of red glass at wave length A and transmission of 
absorption glass at wave lengths A. 



APPENDIX D 

( Clause 7.3 ) 
BASIS OF CALIBRATION OF THE OPTICAL PYROMETER 

D-l. The basis of the calibration of an optical pyrometer is the Inetrnational 
Temperature Scale. This is defined, in the range covered by the pyrometers, 
by the freezing points of antimony, silver and gold using a platinum/10 per- 
cent rhodium versus platium thermocouple for the range 630 to 1063°C 
and from 1 063°C upwards on the Planck law of radiation with a value of 
1*438 cm degrees for the constant, C2. With regard to the lower part of the 
scale, the antimony point is first determined by a Platinum resistance 
thermometer measurement, using for its calibration the ice, steam and 
sulphur points and then extrapolating on the basis of the parabolic formula so 
derived. 630'4°C is given for antimony point and silver and gold points are 
fixed at 960'8°C and 1 063°C respectively, and from a calibration of the 
platinum/10 percent rhodium versus platinum thermocouple, at the three 
points a quadratic equation is computed and used to define the scale for the 
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range 630-1 063°C. So for the temperatures in this range, the calibration 
is ultimately referred to platinum/10 percent rhodium versus platinum 
thermocouple. Above 1 063°C, the instrument universally employed for 
realising the scale is disappearing filament optical pyrometer which is cali- 
brated at the melting point of gold, by observation on a full radiator 
immersed in the metal. The scale is thus based on the gold point and the 
constant Ci in the Planck equation because high temperature are measured 
by using an absorption glass of known transmission and using Planck 
equation. 



APPENDIX E 

( Clause 9.1 ) 

PRECAUTIONS NECESSARY IN THE USE OF 
OPTICAL PYROMETER 

E-l. If an Optical Pyrometer is sighted directly on a full radiator then only 
the luminance temperature measured by optical pyrometer is same as that 
of true temperature of the body. In all other cases, errors in the measure- 
ment are there due to emissivity of the surface, absorption by smoke and 
the effects of flames and reflected radiation. 

E-2. When the hot body is in the open, the true temperature exceeds the 
luminance temperature as measured by the pyrometer by an amount depend- 
ing on the spectral emissivity of the surface and on the observed tempera- 
ture. The corrections to be added to the observed temperature are shown in 
the curves (see Fig. 4). These have been computed for a wave length of 
0.65/* from the relationship l/T= 1/S + A log e tX \Ci 

where 

T=true temperature (°K), 

5= luminance temperature measured by pyrometer (°K), 
A = effective wave length of pyrometer (cm), and 
«A = spectral emissivity for the hot surface. 

E-2.1 The emissivity depends on the material of the hot body, the physical 
condition (shape and roughness) of the surface, temperature, sighting angle 
(emissivity of a surface is usually a function of the angle between the line of 
a slight and the normal to the surface), wave length of radiation considered 
and optical properties of the substance. The determination of emissivity 
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is not difficult in theory. The sample is heated to a known temperature 
and the radiation it emits in a given direction (usually 30° of the normal to 
the surface) over a given band is measured. The ratio of this to the radia- 
tion emitted by a black body at the same temperature over the same band 
of wave length is the emissivity. Where the appropriate value of emissivity 
is unknown Table 1 may be used. 

E-3. If a hot body is enclosed and the sighting aperture is not too large, 
full radiator conditions will be progressively approached as the temperature 
between the enclosure becomes uniform. If temperature equilibrium in the 
enclosure is not achieved errors due to reflection and emissivity may be 
largely eliminated by sighting the pyrometer into a cavity in the object whose 
temperature is required. The depth of the cavity should be 5 to 12 times the 
diameter depending on the emissivity of the surface. 

E-4. Reflection from bright surface should be avoided, generally the 
reflection of stray light from surfaces tested in the open will cause little 
trouble. Considerable temperature gradients may exit through oxide on a 
freely radiating surface and optical pyrometer measurement will under- 
estimate the true temperature inside the surface. 

E-5. Any optically absorbing medium in the line of sight will cause optical 
pyrometer readings to be low, but knowledge of the transmitting factor of 
the medium allows the necessary correction to be calculated or estimated 
from the curves given in Fig. 4. 

E-6. For clear glass the loss of brightness is almost entirely due to reflec- 
tions from the two surfaces and the transmission factor will be of the order 
of 090. Smoke, steam and dust may cause very considerable errors which 
should be reduced as far as possible by careful positioning of the pyrometer 
and selection of test conditions. 

E-7. The presence of flames may also be a cause of error, on account of 
their direct and reflected brightness, when the temperature of solid and 
liquid surface are measured. 
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